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Abstract: The study investigates the perception and production of the English vowels 
/e/ and /æ/ by native speakers of Serbian. The research consisted of perception and 
production experiments, whose subjects were the first year students of English at Novi 
Sad University. The results of the perception tests indicate a poor discrimination level 
between the two L2 vowels. The production tests reveal that both /e/ and /æ/ occupy the 
same area in the vowel space in the interlanguage of the subjects. The author concludes 
that the subjects poorly discriminate between the two L2 vowels because of the transfer 
of L1 phonological categories. 
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1. Introduction 
A number of previous studies have examined the perception and production of second 
language (L2) sounds by adult learners, in relation to various factors affecting the 
acquisition of L2 phonological system. The acquisition of vowels has been the focus of 
a number of recent studies, and has opened up various issues regarding the categorial 
perception and production of L2 sounds. 
The goal of this study is to investigate how first language (L1) phonological 
knowledge affects the learners’ acquisition of phonological contrasts and phonetic 
realizations in second language, on the example of the English vowels /e/ and /æ/. 
Being “attuned” (Best 1995) to their native language phonological systems, non-
native speakers commonly have difficulty perceiving and producing L2 phonological 
contrasts. The results of a number of studies have also showed that, in establishing the 
new categories in the foreign language, non-native speakers may resort to different 
phonetic cues from the native speakers (Flege et al. 1997, Escudero 2002, Smith et al. 
2003, Rauber et al. 2005, Cebrian 2006). Studies by Bohn (1995), Flege, Bohn and Jang 
(1997) and Escudero (2002), for example, suggest that non-native speakers’ strategy in 
developing new categories for /i;/ : /I/ and /e/ : /&/ in English is different from that of 
native speakers’ due to heavier reliance on the durational cue than the spectral 
information on these vowels. 
Two of the most influential models of L2 vowel perception, Flege’s Speech Learning 
Model – SLM (Flege 1995) and Best’s Perceptual Assimilation Model – PAM (Best 
1995) explain the perception of L2 phoneme categories in relation to the categories 
found in the learners’ native language. Flege’s model predicts that the L2 sounds which 
are sufficiently phonetically different from L1 targets are perceived as “new” or 
“foreign” and are more likely to be earlier developed into new categories by non-native 
speakers. Best’s model predicts that the discriminability of L2 vowels greatly depends 
on L1 assimilation possibilities. If a foreign category is close to an L1 target, it will be 
assimilated to it. Therefore, if two distinct L2 sounds are good candidates for a single 
L1 category, discrimination is expected to be poor. 
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In this study we investigate the role of prior L1 phonological knowledge in the 
acquisition of a “new” contrast in L2 by relatively proficient speakers of English whose 
native language is Serbian. The paper presents the results of perception and production 
experiments where we investigated the acquisition of the English phonemes /e/ and /æ/ 
by a group of first year students of English at Novi Sad University. 
 
2. English and Serbian vowels 
English has twelve monophthongs or ‘relatively’ pure vowels (Gimson 1994: 97), 
traditionally divided into ‘long’ and ‘short’, or ‘tense’ and ‘lax’ categories. The vowels 
produced with a relatively front tongue position are the high vowels /i;, I/, the mid /e/ 
and the low-to-mid /&/. In the central region there are mid vowels /3;, @/ and the low-to-
mid /V/. The back region of the traditional vowel quadrilateral is occupied by high 
vowels /u;, U/,1 high-to-mid /O;/, low-to-mid /Q/ and the low vowel /A;/. 
The two vowels examined in this study /e, æ/ are both front vowels and, as the 
symbols imply, are traditionally subsumed in the group of short vowels. Yet, apart from 
the distinct heights of the tongue, they are characterized by substantial length difference 
as well, although the degree of this distinction varies across dialects. The low-to-mid 
vowel /æ/ is characterized by longer duration compared to the other short vowels in the 
same phonological environment, its length amounting to that of long vowels if it is 
followed by a voiced consonant. The length difference is not as striking when the vowel 
/æ/ occurs in front of a fortis consonant, where its duration is significantly reduced. 
However, since it is disallowed from the word final position, unlike the other long 
vowels, it is traditionally placed in the group of short or lax vowels. 
In contrast to the complex vowel system of English, Serbian has a typical five vowel 
system attested in a number of other worlds’ languages (Lass 1991: 143), where all 
vocalic phonemes are evenly distributed in the vowel space. The front vowels are /i, ε/, 
the only central vowel is the low vowel /a/ and the back ones are /u, o/. Serbian is also 
characterized by a very complex accentuation system, where both length and tone are 
traditionally analyzed under the same token, i.e. accent. 
A closer analysis reveals that length, i.e. the quantity of a sound, to a great extent 
affects the quality of some of the vowels. The front vowel /e/ and the back /o/ exhibit 
the most conspicuous effects of this influence. This was shown in the series of works by 
P. Ivić and I. Lehiste (Ivić and Lehiste 1967; Ivić 1996), but is generally neglected in 
the phonetic and phonological literature on the Serbian language. The degree to which 
quantity affects the quality of vowels varies across dialects, but is strongly manifested 
in the dialect of the subjects of this study (Ivić and Lehiste 1967, Ivić 1996; Marković 
and Bjelaković 2006). 
Thus the front vowel space in the standard Serbian variety examined in this study 
possesses three vocalic targets: /i/, /e/ and /ε/. The high vowel quality /e/ is found in 
long syllables, whereas the mid quality /ε/ typically occurs in short syllables. The close 
vowel /e/ is much higher than either of the English vowels /e/ and /æ/, while the more 
open /ε/ roughly occupies the same area as the English vowel /e/. 
From the facts mentioned about the vocalic systems of the two languages, several 
predictions can be made about the potential transfer by native speakers of Serbian in the 
perception and production of the English vowels /e/ and /æ/: (1) Since the low front 
region of the vowel space is unoccupied in Serbian, poor distinction is expected in terms 
                                                 
1 Recent studies have shown that the high “back” vowels /u;, U/ have undergone dramatic changes in 
contemporary English, both in the American and British varieties, as the two high back vowels have been 
shifted to a much more anterior position. The change is even more striking in the long vowel, especially 
in the pronunciation of younger speakers of British English (Cf. Hawkins and Midgley 2005). 
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of quality of the two L2 vowels; (2) as duration is an important cue in Serbian, it can be 
expected that the length difference is to be the predominant factor in distinguishing the 
two English vowels. 
 
3. Perception experiment 
3.1 Methods and results 
The first perception task was a phoneme identification test. The subjects were 65 first 
year students of English at Novi Sad University (55 female and 10 male). The subjects 
were asked to circle the appropriate phoneme they heard in one of 9 words uttered by a 
female native speaker of British English. The subjects were familiar with the IPA 
symbols and had prior knowledge of the phonological system of English, so the answer 
sheet contained pairs or triplets of phonemes in IPA symbols they were to choose from. 
It should also be noted that at the time of testing the students had not had a course in 
phonetics, or pronunciation training. In this test we did not examine only the contrast 
between /e/ and /æ/, but other phonemic contrast as well. For the purpose of this study 
we are only presenting the results concerning the vowels /e, æ/. The answers were then 
statistically analyzed. This preliminary test proved that the contrast between /e/ and /æ/ 
was the least acquired one among the English monophthongs. 
The results of the test are shown in Tables 1 (words containing /e/) and 2 (words 
containing /æ/). 
 
Table 1. The results of the perception test for words containing /e/ 
/e/     /e/ /e/  in %    /æ/ /æ/ in %
bet 45 69,2% 20 30,8%
Ken 35 53,8% 30 46,2%
head 49 75,4% 16 24,6%
pet 46 70,8% 19 29,2%
Average of 
correct 
answers 43,7 67,3%
 
Table 2. The results of the perception test for words containing /æ/ 
 /æ/        /æ/ /æ/ in %         /e/ /e/ in %        /Λ/ /Λ/ in % 
hat 52 80,0% 6 9,2% 7 10,8%
man 47 72,3% 18 27,7% 0 0,0%
bat 42 64,6% 11 16,9% 12 18,5%
gnat 36 55,4% 21 32,3% 8 12,3%
had 43 66,2% 20 30,8% 2 3,1%
Average of 
correct 
answers 44 67,7%         
 
The data indicate that the predominant mistake in the perception of the two sounds 
was the substitution between the vowels /e/ and /æ/. Table 2 reveals that some of the 
subjects perceived the vowel /æ/ as the open central vowel /V/. This fact indicates that 
some of the subjects relied on the feature of vowel height when deciding on the 
phonological category, which also signals that the subjects’ discrimination between 
categories is governed by L1 system of phonological contrasts. 
In the second test our goal was to examine whether the position of the word 
containing /e/:/æ/ affected the students’ perception. In this test the same native speaker 
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uttered ten short sentences, in which the tested word occurred either sentence finally or 
sentence medially. The answer sheet contained complete sentences written 
alphabetically, and the /e/:/æ/ words they were to choose from were typed in bold 
letters. Before listening, the subjects were allowed enough time to read the sentences 
they were to hear. 
 
Table 3. Results of the perception test of sentences 
 
Pairs of words correct 
% of 
correct incorrect 
jam/gem 40 62% 25
salary/celery 44 68% 21
landing/lending 39 60% 26
Pat/pet 55 85% 11
can/Ken 48 74% 17
Se
nt
en
ce
 fi
na
l 
bag/beg 56 86% 9
 Average 47 73%
man/men 42 65% 23
bagged/begged 35 54% 31
packing/pecking 40 62% 25
Se
nt
en
ce
 
m
ed
ia
l 
gnat/net 27 42% 38
 Average 36 56%
 
The results of the second perception task indicate that the subjects’ perception is 
significantly better if the words occur in sentence final position. Such findings suggest 
that the subjects’ discrimination level between the two L2 categories depends on the 
presence of stress. 
The purpose of the third perception task was to determine the degree to which vowel 
duration influences the perception of the /e/:/æ/ contrast. In this test a male British 
speaker, a trained phonetician, uttered 20 words containing only the two vowels 
examined in this study. The list contained 20 monosyllabic words where both /e/ and /æ/ 
occurred either before a voiced or a voiceless consonant. The speaker’s pronunciation is 
characterized by a significant length difference between the two vowels, which is most 
conspicuous before voiced consonants. The subjects of this test were 23 first year 
students. They were asked to circle one of the pair of words written alphabetically on 
the answer sheet. Table 4 presents the average number of mistakes depending on 
whether the vowel was followed by a voiceless [-V] or voiced [+V] consonant. It should 
be noted that this task was performed after a period of phonetic training. 
 
Table 4. The results of the third perception task 
Phon. 
context /e/ + C [-V] /e/ + C [+V] /æ/ + C [-V] /æ/ + C [+V] 
Average 
number of 
mistakes 1,5 1,8 3,8 2,0 
 
The results indicate that the highest number of mistakes was made in the words 
where the vowel /æ/ occurs before a voiceless consonant. Before such consonants the 
length of the vowel is substantially reduced, and the listener therefore loses this bit of 
information when differentiating between the two. 
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3.2 Discussion 
The results of the perception tasks reveal a relatively poor discrimination level between 
the English vowels /e/ and /æ/ in the perception of the native speakers of Serbian even 
at a high level of knowledge of English as second language. The best results of the three 
tests were achieved when only the two vowels were contrasted in a sequence of words 
containing one of the vowels examined. This indicates that the subjects have developed 
a new category in the foreign language, but that it has not been acquired completely. 
In terms of the two models presented in the introductory part of the paper, Flege’s 
SLM and Best’s PAM, we might conclude that both models have been confirmed. The 
results of the first two tasks comply with Best’s model, since the poor discrimination 
level indicates that the two distinct L2 vowels have been assimilated in the perception 
of our subjects to one category, notably, L1 vowel /e/. 
The results of the third task, however, indicate that the subjects have developed a 
new category, which agrees with the model proposed by Flege. However, they also 
suggest that the native speakers of Serbian examined in this study to a great extent rely 
on the durational cue as a significant indicator of the vowel in question. Such findings 
are in line with the results of Escudero (2002), where the author concludes that non-
native speakers, even after having developed a new category, may still rely on different 
cues from the native speakers. In our case, the first two tasks proved that the distinction 
between /e/ and /æ/ has not been adequately acquired in terms of spectral differences 
where the subjects had no obvious auditory distinction to help them categorize the two 
vowels, and the information on vowel duration was also missing.2 In this sense, we may 
conclude that the subjects have not acquired the distinction in terms of the primary cue, 
i.e. the spectral differences between the two vowels. The third task, on the other hand, 
proves that the categorial distinction does exist in the subjects’ interlanguage, but that it 
has been developed on the basis of the secondary cue, i.e. the durational characteristics 
of the vowels examined. 
 
4. Production experiments 
4.1 Methods and subjects 
The goal of the production experiment was to compare the acoustic properties of the 
English vowels /e/ and /æ/ with the equivalent Serbian vowel /e/ in its short and long 
realizations. For this purpose we made a list of words in similar phonological context in 
the two languages.  
The subjects of this experiment were 15 female first year students of English. The 
criterion for choosing the subjects was the same regional background, i.e. that the 
subjects speak the same dialect (standard urban variety of Novi Sad city). 
The recordings were acoustically analyzed using Praat 4.3.36 program for speech 
analysis (Boersma and Weenink 2005). In this program we extracted the values of the 
first three formants as well as the information on vowel duration. The values were 
statistically analyzed and the average values and standard deviation obtained for each 
speaker. As control values we used the vowels produced by a native speaker of British 
English and the data on formant frequencies from the literature (Detering 1990, 
Detering 1997). 
 
                                                 
2 In addition to different contexts in which the analyzed words occurred, it should also be noted that the 
female British speaker whose recordings we used for the first two tasks does not have so marked 
durational difference between the two vowels. 
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4.2 Results 
The spectral analysis of the recorded material revealed that the Serbian sound /e/ is 
realized as a significantly more open vowel in short than in long syllables. The mean 
values of F1, F2 and F3 of both long and short realizations are given in Table 5 below: 
 
Table 5. Formant values of the Serbian vowel /e/ in long and short syllables 
/e/ F1 F2 F3
Long 
syllable 477,5 2466,7 3050,2
Short 
syllable 785,7 1972,1 2878,7
 
As can be seen from Table 5, the two realizations occupy distinct areas in the vowel 
space, with no area of overlapping between them. This is illustrated in the following 
graph of plotted F1 and F2 values. 
 
Figure 1. Graph of plotted F1 and F2 values of the Serbian vowel /e/ in long 
(symbol  ) and short syllables (symbol ♦) 
250
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800130018002300
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The contrast between the two English vowels /e/ and /æ/, on the other hand, is found in 
the more open region of the vowel space than the contrast between the two Serbian 
realizations. Figure 2 represents the F1 : F2 graph on the basis of formant frequencies of 
our control speaker and the data from the literature (Detering 1990, 1997). 
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Figure 2. Graph of F1 : F2 values of the vowels /e/ (symbol ♦) and /æ/ (symbol ○) in 
the production of our control speaker and the values obtained from the literature 
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Considering the two plotted graphs, several predictions and observations can be 
made. Since the Serbian vowel /e/ in long syllables is a rather high vowel, it is not 
expected to be a candidate for transfer from L1 to L2 vowel system. Secondly, the short 
realization of the Serbian vowel /e/ obviously overlaps with the English vowel /e/, but 
almost borders with the area of the vowel /æ/ in the pronunciation of some speakers. 
Such situation is a good ground for poor discrimination in terms of spectral differences, 
which has already been observed in percpetion, and was expected to pose difficulty in 
production as well. The third prediction to be made concerns the duration of the two L2 
vowels. Since duration is an important factor of L1 phonological system of the subjects, 
and has proved to be an important distinguishing factor in the perception experiment, 
we expected it to be the predominant distinctive characteristic in the subjects’ 
production. 
The analysis of the native speaker’s recording reveals the following mean values of 
the first three formants of the vowel /e/: F1 = 743 Hz, F2 = 2134 Hz and F3 = 3058 Hz. 
The vowel /æ/ has the following formant frequencies: F1 = 967 Hz, F2 = 1776 Hz and 
F3 =3051 Hz. 
The results of the spectral analysis of our subjects’ production are shown in the 
following two tables (Table (6a) and (6b)). The tables indicate a very small difference in 
the value of F1 of the two vowels, and almost no difference between F2 and F3.  
Such results clearly show that, on average, there is no significant difference in the 
quality of the two vowels, and that they to a great extent overlap in the vowel space of 
the subjects. The plotted graph of F1 and F2 illustrates that there is no clear boundary 
between the areas of the two vowels in the production of our subjects (Fig. 3): 
The graph in Fig. 3 indicates that, despite certain individual differences, the subjects 
generally have not acquired the appropriate distinction. The comparison of the formant 
values in Tables 6 (a) and (b) with the data on the values of the Serbian vowel /e/ in 
short syllables given in Table 5 also suggests complete overlapping between this L1 
vowel and the L2 vowel /e/ and a considerable level of overlapping between the same 
L1 vowel and the L2 vowel /æ/. Such findings show a great degree of assimilatory 
effect in the production of our subjects.  
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Table 6. (a) Mean formant values of /e/; (b) Mean formant values of /æ/ in the 
production of the subjects 
Subj. F1 F2 F3 
1 777,5 2102,5 2880,4
2 798,5 2014,6 2965,3
3 815,0 1921,2 3036,1
4 859,4 2038,1 3077,6
5 767,7 1942,2 2940,7
6 789,6 2073,0 3122,6
7 689,3 1860,9 2765,2
8 807,1 1789,6 2914,4
9 833,7 1969,5 2868,8
10 769,1 1947,6 2998,5
11 715,0 1936,3 2863,6
12 765,0 2012,8 2908,8
13 749,6 2026,7 2687,1
14 681,4 2240,1 2996,2
15 884,2 1992,7 2882,3
AVER. 780,1 1991,2 2927,2
 
(a) 
 
Subj. F1 F2 F3 
1 831,2 1992,7 2857,5
2 879,0 1965,4 3007,4
3 826,0 1894,0 3024,5
4 884,3 2046,0 3099,4
5 872,9 1973,1 2931,6
6 841,1 2170,9 3223,7
7 787,6 1810,9 2682,3
8 861,1 1827,0 2922,3
9 840,0 2058,0 2939,3
10 805,6 1969,4 3059,7
11 728,3 1938,7 2883,1
12 802,1 2041,6 2998,1
13 756,7 2138,8 2825,3
14 848,9 1933,9 2900,7
15 951,0 1988,0 2951,3
AVER. 834,4 1983,2 2953,8
 
(b) 
Figure 3. Graph of plotted F1:F2 of the vowels /e/ (symbol ♦) and /æ/ (symbol Δ) in 
the production of the subjects 
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Careful analysis of spectral and durational characteristics of the vowels produced by 
our subjects indicates that the distinctiveness is commonly achieved by making the 
vowel /æ/ considerably longer. The effect of using duration as the distinguisher between 
the two L2 vocalic targets was the most prominent in minimal pairs where a word with 
/e/ occurred next to another one with /æ/ in the recorded material. A spectrogram of 
such an example is shown in Figure 4: 
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Figure 4. Spectrogram of the words net and gnat in the production of a subject 
 
 
The spectrogram in Fig. 4 shows that the values of the first three formants are nearly the 
same in the two vowels, the only significant difference between the two being the vowel 
length. The duration of the vowel /e/ in the word net in this case is 172 msec, and that of 
/æ/ in gnat is 276 msec. 
These findings obviously require further investigation into the role of durational 
characteristics of the vowels /e, æ/ in the production of native speakers of Serbian. 
 
5. General discussion and conclusions 
The results of the experiments carried out reveal that the vocalic contrast between the 
English vowels /e/ and /æ/ poses a serious problem to the native speaker of Serbian and 
seems to be one of the last L2 monophthong contrasts to be acquired. The results of the 
perception tests indicated a high level of perceptual substitution between the two 
vowels, signalling that the new category of /æ/ has not been adequately developed. 
The results of the production experiment show even more clearly that the subjects 
have assimilated the new L2 category, i.e. vowel /æ/, into one of the L1 categories. 
Both experiments also suggest that the subjects have begun to develop the distinction 
between the two L2 vowels, but relying significantly on duration as the major 
distinguishing factor. 
Although we did not examine the effect of the length of learning L2 in this study, the 
results of the third perception task, taken after a period of phonetic training of the 
subjects, open up some space for the analysis of this factor in acquiring L2 vocalic 
categories. The results strongly suggest that the subjects’ discriminative power develops 
after certain exposure to phonetic training. 
Further pedagogical implication is that developing a new category may involve 
various mechanisms for an L2 language learner. Thus the student should be encouraged 
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to perceive both secondary and primary phonetic cues in order to categorize L2 targets 
more adequately. Drawing the students’ attention to the primary distinctive cues 
through a lot of practice certainly helps raise their awareness and „attunes“ them to 
some subtler contrasts they may not have been capable of noticing earlier. 
These observations should still be tested in further longitudinal studies with the 
subjects at various levels of L2 knowledge. 
 
 
References 
Boersma, P. and D. Weenink (2005). Praat: doing phonetics by computer (Version 4.3.36) [Computer 
program]. Retrieved December 11, 2005, from http://www.praat.org. 
Bohn, O. S. (1995). “Cross Language Speech Perception in Adults First Language Transfer Doesn’t Tell 
It All”. In Strange, W. (ed.). Speech Perception and Linguistic Experience: Theoretical and 
Methodological Issues. Baltimore: York Press, 279-304. 
Bohn, O. S. and J. E. Flege (1992). “The production of new and similar vowels by adult German learners 
of English”. Studies in Second Language Acquisition 14, 131-158. 
Detering, D. H. (1990). Speaker Normalisation for Automatic Speech Recognition. PhD dissertation, 
University of Cambridge. 
Detering, D. H. (1997). “The formants of monophthong vowels in standard southern British English 
pronunciation”. Journal of the International Phonetic Association 27, 47–55. 
Escudero, P. (2002). “The Perception of English vowel contrasts: acoustic cue reliance in the 
development of new contrasts”. In A. James and J. Leather (eds.), New sounds 2000: Proceedings of 
the fourth international symposium on the acquisition of second language speech, 122-131. 
Flege, J. E. (1995). “Second language speech learning: Theory, findings and problems”. In W. Strange 
(ed.), Speech perception and linguistic experience: Issues in cross-language speech research. 
Timonium MD: York Press, 233-277. 
Flege, J. E. et al. (1997). “Effects of experience on non-native speakers’ production and perception of 
English vowels”. Journal of Phonetics 25, 437-470. 
Gimson, A. C. (1994). Pronunciation of English, 5th edition. London: Edward Arnold Ltd. 
Hawkins, S. and J. Midgley (2005). “Formant frequencies of RP monophthongs in four age groups of 
speakers”. Journal of the International Phonetic Association 35/2, 183-199. 
Ivić, P. and I. Lehiste (1967). “Prilozi ispitivanju fonetske i fonološke prirode akcenta u savremenom 
srpskohrvatskom književnom jeziku”. Zbornik za filologiju i lingvistiku X, 55-95. 
Ivić, P. (1996). Prozodija reči i rečenice u srpskohrvatskom jeziku. Prevod Lj. Subotić. Sremski Karlovci 
– Novi Sad: Izdavačka knjižarnica Zorana Stojanovića. 
Marković, M. and I. Bjelaković (2006). “Neke akustičke karakteristike vokala u govoru Novog Sada”, 
Godišnjak Filozofskog fakulteta u Novom Sadu XXXI, 327-246. 
Rauber, A. S. et al. (2005). “The Interrelation between the Perception and Production of English Vowels 
by Native Speakers of Brazilian Portuguese”. Proceedings of the Interspeech 2005 – Eurospeech, 
2913-2916. 
 
